Indocyanine green is a tricarbocyanine dye that is more highly protein bound than sodium fluorescein dye. Therefore, it diffuses much more slowly out of fenestrated small choroidal vessels than does sodium fluorescein. These special properties of indocyanine green dye make it attractive as an agent to image the choroidal vasculature using fundus photography. Several recent reports have stressed the usefulness of this dye in the evaluation and treatment of choroidal neovascularisation.1-3
fluorescent in 17 cases, to isofluorescent in eight cases, and hyperfluorescent in seven cases. Non-pigmented choroidal melanoma generally showed an earlier average onset of fluorescence than the pigmented choroidal melanoma (mean 28 versus 185 seconds, respectively) (p=0.04). The two subgroups otherwise overlapped substantially in angiography characteristics. The choroidal metastasis group demonstrated maximal fluorescence at an average of [8] [9] (range 1l7 to 13) minutes. All choroidal metastases had a homogeneous diffuse fluorescence with late isofluorescence. The choroidal metastases allowed a subtle blurred perception of the normal choroidal pattern through the tumour. The choroidal haemangioma group revealed very characteristic findings with an onset of filigree fluorescence at an average of 0-6 (range 0'4 to 0.7) minutes with little variation. The maximal fluorescence was typically hyperintense in all cases and was achieved at an average of 1-2 minutes and was reached by [1] [2] [3] [4] [5] [6] [7] [8] minutes in all cases. In these cases the fluorescence appeared as a lacy diffuse 'fluorescent mulberry' pattern with visibility of the vascular channels and demonstrated 'washout' of the dye in the late frames. Conclusion-Indocyanine green may be a useful adjunct in the differentiation of amelanotic choroidal melanoma, choroidal metastasis, and choroidal haemangioma. The different patterns of fluorescence may be explained by the intrinsic choroidal vascular architecture in these three tumours. (BrJ Ophthalmol 1995; 79: 237-245) Indocyanine green is a tricarbocyanine dye that is more highly protein bound than sodium fluorescein dye. Therefore, it diffuses much more slowly out of fenestrated small choroidal vessels than does sodium fluorescein. These special properties of indocyanine green dye make it attractive as an agent to image the choroidal vasculature using fundus photography. Several recent reports have stressed the usefulness of this dye in the evaluation and treatment of choroidal neovascularisation. [1] [2] [3] To our knowledge, there have been no clinical reports on the applicability of this dye in the diagnosis and management of a large series of choroidal tumours. In this report we detail the specific features of indocyanine green angiography in the evaluation of various choroidal tumours. We have identified specific circumstances where this new imaging method may prove useful in differentiating certain choroidal tumours, particularly amelanotic choroidal melanoma, choroidal metastasis, and choroidal haemangioma.
Materials and methods
Indocyanine green (Cardio-Green, Becton Dickinson Microbiology Systems, Cockeysville, MD, USA) was prepared in solution with the 25 mg dose mixed in 2 ml aqueous solvent and injected into a peripheral arm vein. A secondary saline bolus was not given after the original 2 ml aqueous solvent. In all cases the injection site was the antecubital fossa or forearm venous system. Digital indocyanine green videoangiogram fundus photographs were then taken using a Topcon camera (TRC 50 IA) and printed on the Topcon IMAGEnet-H 1024 digital imaging system. The Topcon camera contained a halogen lamp of 300 W (a continuous light source) and an antireflection coating was applied to its optical system so that reflection of the near infrared spectral region was decreased. The exciter filter was on the side of the light source and the barrier filter on the side of the film.
The photographer complied with the following procedure: first photograph sooner than 10 seconds after injection, then photograph every 1 second up to 15 seconds after injection, then photograph every 5 to 10 seconds between 15 and 60 seconds, then photograph every 30 seconds between 1 and 3 minutes, then photograph every 60 seconds between 3 and 10 In all cases the angiogram was performed with sequential photography and the earliest frames ranged from 17 to 30 seconds while the latest frames were taken at a minimum of 31 minutes after injection. In all cases the normal choroidal pattern could be visualised around the edges of the choroidal tumour and the fluorescence patterns in the tumour were graded when compared with the surrounding normal choroid.
CHOROIDAL NAEVUS
We evaluated five cases of suspicious choroidal naevus with indocyanine green videoangiography (Table 1) in one case of a non-pigmented suspicious choroidal naevus. Maximum fluorescence was achieved at an average of 709 seconds (11 8 minutes) and late fluorescence was present in two and absent in three cases. CHOROIDAL 
MELANOMA
The patterns of indocyanine green videoangiography of choroidal melanoma were varied ( in human patients. 7 Hochheimer then reported on the use of infrared angiography of the cat fundus using an intravenous not an intraarterial injection of indocyanine green. The findings of indocyanine green angiography of choroidal tumours were superficially described in the early developmental years ofthe dye technology.12-17 These authors found that the information on choroidal tumours derived by using indocyanine green was twofold: the vascularisation of non-pigmented tumours could be studied and the angiogram could provide a topographic parameter for delineating the size and growth of choroidal tumours. Owing to the deficient resolution of the early imaging systems, details of pigmented choroidal tumours (choroidal naevus and melanoma) were not clearly imaged and the few tumours that were imaged were found to absorb the infrared light leaving a shadow. The early limited reports of non-pigmented choroidal tumours showed various patterns and the few cases of choroidal haemangioma were found to be highly fluorescent.14 16 Our experience with the new technology of indocyanine green videoangiography will add to these early observations.
Most intraocular tumours are best recognised and differentiated using indirect ophthalmoscopy.4 In difficult cases, standard fluorescein angiography, ocular ultrasonography, radioactive phosphorus (32p) uptake testing, contrast enhanced magnetic resonance imaging, and fine needle biopsy have been shown to be helpful adjunctive measures in the diagnosis of intraocular tumours.4 There has been a trend towards improved recognition of choroidal melanoma and pseudomelanoma. Studies from pathology specimens of eyes enucleated with the presumed diagnosis of uveal melanoma have shown that the misdiagnosis rate was 20% in the 1960s08 and had improved to 1-9% during the same time period at a centre with advanced diagnostic facilities'9 and later improved to 0 75% at this same centre.20 For this reason, it seems that another diagnostic test to confirm the diagnosis of uveal melanoma is not necessary. On the other hand, we suspect that the use of indocyanine green videoangiography, based on the observations from this report, may provide useful information in the differentiation of amelanotic choroidal tumours such as choroidal amelanotic melanoma, haemangioma, and metastasis. These amelanotic choroidal tumours are often the most difficult to differentiate from one another and their choroidal architecture as visualised by indocyanine green dye may be helpful.
In this report, the indocyanine green fluorescence findings for choroidal melanoma were the most varied of all the uveal tumours. An increasing degree of pigmentation of the tumour was associated with less fluorescence. In one case of a deeply pigmented diffuse choroidal melanoma there was complete nonfluorescence throughout the entire angiogram while the surrounding choroid showed normal fluorescence. In most cases, the seemingly normal choroidal pattern could be visualised either at the rim of the tumour or within the tumour itself. Early fluorescence was usually seen within the first 1 to 2 minutes, but in some cases it was difficult to differentiate tumour fluorescence from the normal underlying choroidal fluorescence. The choroidal melanoma group achieved maximal fluorescence at an average of 1090 seconds (18.2 minutes) but again this was quite variable. The only feature that seemed to differentiate choroidal melanoma and naevus from the other tumours was that they were more likely to be relatively hypofluorescent throughout the entire angiogram with respect to the surrounding normal choroid than were the other tumours. In fact, 64% of the pigmented and 30% of the non-pigmented choroidal melanomas were hypofluorescent throughout the angiogram compared with none of the choroidal haemangiomas and none of the choroidal metastases.
Choroidal metastases imaged with indocyanine green videoangiography were generally bland in their vascular appearance. They all showed isofluorescence at their brightest fluorescence and in all cases a blurred image of the underlying choroidal pattern could be visualised. Both of these features were seen with choroidal melanoma and none of these features were seen with choroidal haemangioma.
Perhaps the most dramatic fluorescence on Indocyanine green videoangiography may also be useful in evaluating for radiation induced ischaemia of a plaque irradiated tumour. We have documented this in two cases in this report, but we caution that it may be difficult to differentiate choroidal ischaemia from choroidal pigment in the heavily pigmented tumours. We have not yet had the opportunity to compare a large group of pretreatment with post-treatment indocyanine green angiography in patients managed by plaque radiotherapy. We speculate that the irradiated tumours will show more choroidal ischaemia, but longer follow up with repeat angiograms will be necessary to evaluate the degree and significance of the choroidal ischaemia.
Several limitations of this investigation are realised and include the lack of correlation of the injection dilution with patient weight, lack of calculation of time from injection in the forearm to the choroid (arm to choroid time), and lack of inclusion of overall patient systemic vascular status. These factors could all contribute to variations in the time of onset, time of maximal fluorescence, and subjective intensity interpretations. Unfortunately, the standard recommended technique of dye injection from the Cardio-Green package insert does not include calculation and dilution on a weight basis. The Cardio-Green recommended technique, which we employ in our photography department, is stated to provide optimal concentration of the dye bolus to image the choroidal vasculature. In this report we recorded the time at the various stages of dye flow to create objective data for interpretation. Perhaps the specific time in seconds should not be interpreted as specific times necessary to make a diagnosis, but only as general time guidelines useful for assisting in a diagnosis.
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